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Kf  f  «-kUvno3t'  raznykh  mctodov  vaktsinatsii  protiv  tulya remit 
.  I  cfftc  Uvlncaa  of  various  anti-tularemia  vaccination  methods] 
Zhurna  1  Mlkrobloloct i ,  Epidemiologi i ,  i  Immunoblologl 1  1964(2)  f 

43-U'i.  f*N  448.3  Zk 

'  (in  p.u\*lf'n) 


The  comparative  evalua  tion  of  subcutaneous,  cutaneous l  transdermal) , 
mvj  lntrndcf.nl  methods  of  administering  live  vaccine  in  relation  to 
* blologicnl  features  of  various  vaccine  strains  is  of  grant  interest 
fr»m  the  standpoint  of  improving  vaccination  methods  and  studying 
5fv«r-il  problems  of  immunity  connected  with  tularemia.  The  first  tufo 
■•.tttny.  are  widely  used  in  the  specific  prophylaxis  of  tularemia. 

The  intn-derma  1  method  is  not  used  in  practice.  This  vuccin.tion 
method  vno  evaluated  In  the  works  of  Nikolaeva  (1940),  I’urgasov  (1952), 
r.nd  Snvnstin  und  co-euthors  (1‘56),  Nikolaeva  indicated  that  tetanus 
anatoxin  given  sutdurally  or  lntrncutrncou3  ly  hen  greater  effectiveness 
th»n  with  a  subcutaneous  injection.  The  higher  hamun ity-produc lng 
property  of  the  preparation  found  in  the  first  two  methods  of  admin¬ 
istration  is  explained  by  the  author  on  the  basis  of  1.  V.  Pavlov's 

•rroryt  h«  considers  that  the  significant  feature  in  immunity  formn- 
ion  is  the  amount  of  nerve  endings  at  the  site  of  vaccine  injection; 
the  re  i.re  more  of  these  in  the  cu*  '.cous  than  the  subcutaneous  tissue, 

'.'u  this  has  it,  furgnoov  applied  -ntrncutaneous  Immunization  with  killed 
tulnrcnle  vaccine  and  ol served  in  this  an  immunity  more  strongly  ex¬ 
pressed  than  in  subcutaneous  Inoculation.  In  exper l  icnts  on  guinea 
pigs  Inoculated  with  live  plague  vaccine,  Savostin  end  co-cuthors 
demonstrated  that  the  irtracutsncous  vaccination  method  was  more  ef¬ 
fective  in  conprrlson  with  the  subcutaneous  method ;  in  this  regard  a 
lrstcr-cxprcssed  reaction  was  observed  in  the  inoculated  animals  (cited 
.  •  from  the  book  by  E.  1,  Korolkova), 


In  experiments  on  the  comparative  study  of  the  tmlrce  methods  of 
'•  v  collation  ngrlnst  experimentally-induced  tularemia  conducted  on 
vt.itc  ilcc  and  guinea  pigs,  we  used  a  two-dey  culture  of  live  vaccine 
gr  vn  In  egg  yolk  agar  and  washed  in  saline  solution.  The  v.ccine 
wr  s  prepared  from  subcultures  isolated  from  dry,  stundard  cultures  of 
v-.ccl  c  strains  No.  l5(Gaiskll),  No.  10(Faibich  and  Trmtrina),  No.  33 
(fuhich  and  Saltykov),  and  No.  53(Saltykov) .  In  several  experiments 
the  v.ccine  used  was.  a  mixture  of  the  above-mentioned  4  strains,  and 
rlso  strains  No,  1$  and  53,  with  a  ten-fold  passage  through  guinea 
pigsj  this  wr.s  designated  as  strains  No.  15/10  and  53/10.  Guinea  pigs 
v<  r*  vaccinated  once,  subcutaneously,  intradcrmal ly,  or  cutaneously 
( trunadermsl  ly)  j  white  mice  were  Inoculated  subcutaneously  or  trone- 

fprwlly,  Doses  of  10,000  to  10  million  bacteria  were-  used  for 
uLcutnnsous  or  intradsrmal  vaccination)  and  2  billion  per  mi,  for 
cutaneous  vaccination. 
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Thirty  days  after  vaccinatl  n  the  animals  were  Inoculated 
subcutaneously,  by  inhn lation(aerln i ly  ],  or  through  the  conjunctiva, 
SuLcutoneous  Inoculation  was  given  In  a  dose  of  1,000  to  10  million 
Dim.  and  was  recorded  so  that  the  significance  of  the  vaccination 
method  would  be  clear  from  the  degrv'e  of  immunity  tension,  ferial 
Infection  was  accomplished  v/ith  aerosol  spraying  of  a  1  ml,  suspension 
of  250  mll'lion  or  1  billion  virulent  tularemia  bacteria;  exposure 
-time  was  10  sec,  and  30  sec.  In  the  transconjunctival  Inoculation, 
one  drop  of  a  1  ml,  suspension  of  500  million  bacteria  was  inserted 
into  the  conjunctival  sac.  Doses  used  [begin  p.44)  for  aerosol  end 
Conjunctival  Inoculation  ccuscd  the  de  th  of  all  vaccinated  animals. 

White  mice ,  vccclnatcd  subcutaneously  (10,000  and  ICO, 000  lacteria) 
or  by  scarification  with  vaccines  separately  prepared  from  4  strains 
or  from  a  mixture  of  the  Ip  strains,  were  identically  resistant  to 
Infection  from  a  10  ml  1 1  Ion,  Dim.  dose  of  virulent  culture  (Table  1). 

In  experiments  on  white  nice  Inoculated  subcutaneously  with  vaccine 
strain  No,  15  or  by  scarification,  n  difference  was  also  established 
in  the  effectiveness  of  these  two  methods  through  aerosol  inoculation 
of  the  animals  (Table  2), 


Table  1,  fcf f ect 1 veness  of  vaccines  in  relation  to  the  method  used 
(experiments  on  v.hite  mice  Inoculated  subcutaneously  with  10  million 
DIju .  of  tulnre.mlR  pathogen  after  vaccination) _ 


Vaccine  strain  No. 

Survival  of  mice  vaccinated  by  various 

■Methods 

subcutaneous ly 
( 10,000  bacteria) 

transderma  1 

15 

10 

33 

53 

xture  of  the  four  strains.  .  . 
utrol— non-vucclnatcd  animals 

23/15  (92*) 

21/21  (ICO#) 

21/33  (91. 3r.) 

21/22  (95.4#)  ‘ 

17/17  ( 100s;) 

US 

0/b 

0/5 

0/5 

15/15  door,) 

14/15  (93.3#) 

21/25  (96%1 

20/22  (90.9£) 

17/17  tlOOS) 

Dlm^l  bacterium 

Legendt  (In  all  tables)  numerator  ■*  number  of  surviving  animals; 

denominator  a  number  of  infected  animals. 
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Table  2.  Effectiveness  of  vaccinations  In  relation  to  vaccination 


Vocc lno 

strain 

no. 

Method  of 
vaccination 

Vaccine  doce 

Number  surviving  of 
the  total  number 
Inoculated 

15 

subcutaneously 

100,000 

12/20 

15 

cutaneous ly 

sur p.'.ii 3  Ion,  with  con- 
1  centrntlon  of  2  billion  i 

! 

1  per  ml. 

12/12 

Note:  Upon  inoculation  of  non-vncc inntcd  white  mice,  serially,  for 

10  und  30  seconds,’  with  100  million  bacteria,  all  animals  in  the  control 
group  died* 

Thus,  the  white  mice  vaccinated  subcutaneously  or  by  scarification 
were  identically  resistant  to  subcutaneous  as  well  as  aerial  Infection. 
No  difference  of  any  kind  was  established  In  the  effectiveness  of 
subcutaneous  and  cutaneous  vaccination  in  corporative  experiments  on 
white  nice. 

Experiments  on  the  comparative  sttdy  of  the  effectiveness  of 
'•ubcutoneous ,  cutaneous,  end  lntradermsl  application  of  4  strain-vaccine 
i'.d  thair  fixture  v/erc  set  up  In  several  variations,  using  guinea  pigs. 

In  one  of  these  experiments,  guinea  pigs  were  vaccinated  by  two 
methods:  subcutaneously  with  10  million  bacteria,  or  through  scarified 

.skin  with  e  standard  vaccine  dose.  Control  Inoculation  was  subcutnncou3 , 
with  a  virulent  culture  of  doses  fro;i  1,000  to  500  million  Dim.  In 
these  experiments  we  were  not  successful  In  establishing  an  essential 
difference  In  vaccines.  It  should  be  mentioned  that  the  most  effective 
vaccine  In  these  experiments  was  the  stand  rd  No.  15  strain  and  the 
vaccine  from  the  mixed  strains,  especially  when  applied  cutcneousiy. 

In  the  following  experiments  v/c  determined  the  comparative 

.  e  z'  _  >  ^  1  am  m  a  /  f  it  a  +!*«%/.  or  I  r.o  ♦  4  r\ry>  Mut  It  /\r4  K  Pnr  t  h  1  C  fill  I  13  1  (  ^ 


2^  4/ t'i rlzi'tTm 1 1  t*  *«: :c ; r._i Z'zZzzz  wife 

Inoculated  with  a  i  ml.  suspension  containing  500  million  bacteria 
applied  to  the  "con June tlva.  The  stated  dose  of  tularemia  culture 
caused  the  death  of  a! 1  non-vacc lnoted  guinea  pigs.  In  these  experl- 
C  icnts  the  animals  were  Immunised  with  vaccine  from  strains  No.  15,  53, 
ar.d  53/10  (ten-fold  pass*  g*.  through  guinea  pigs  In  order  to  Increase 
the  i~r.ur.cgc Me  properties).  T..c  vacclse  vss  administered  sutcut?necusl; 
arc  l.'.tr-dc-r'.s:  ly,  at  10  Miller.  I'cteria,  ar.d  cutsneously  epplled  In 
*  star  izri  s  _  :  c  c  r.  r  I  on  . 
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Tablo  3»  Effectiveness  of  vaccinations  In  relation  to  raooination  method  and 
vaccine  strain  in  experiments  on  <;ulnea  pigs  inoculated  subcutaneously  with 


Number  of 
vaccine 
strain 

i  •>  ii  -  -  *  V 

Survival  of  vaccinated  an  Inals  aftor  inoculation  with  various  doses 
(in  Dim)  by  various  not  no  da 

subcutaneously,  10  million 

outaneously 

1,000 

10 

siilion 

500  i  i#ooo 

,  Million  ! 

i 

mil  1  ion 

1° 

nlil ion 

500 

million 

15 

10 

33 

53 

nixturo  of 
li  strains.  •  • 

10A0 

7Ao 

6Ao 

f>/io 

10/10  . 

Wm 

Wm 

2/3 

2/3 

2/3 

1/3 

2/3 

2/3 

1/3 

1/3 

1/3 

2/3 

?Ao 

7/10 

7/10 

8A0 

10/10 

m 

1/2 

0/3 

2/3 

2/3 

2/3 

2/3 

2/3 

V3 

2/3 

2/3 

Control— 
noi>*vacciuated 
ivnlmnls*  •  .  « 

i - j 

! 

i 

10 

100 

(  1  million 

0/3 

0/3 

0/8 

0/5 

Cl n  35  1  bscterlua 

Table  It*  blfcctivoacon  of  vaccinations  with  oubcutanooua  inoculation,  300  Urn., 
in  relation  to  vaccination  nathodO  used  in  oxporiraonto  on  culnea  pice* 


Number  of 

t  'nod  of  1 

Survival  uftcr  vaccination  with  various  doses 

vuocinc  strain 

vaccination 

I  10,0*10 

1  million 

lo  million 

15 

aulcutincous 

3A 

h/U 

UA 

UA 

15 

intivw'omal 

U/h 

UA 

•  15 

cutaneous 

u/u 

Control— non- vaccinated  animals,. 

l 

2/3 

5 

0/3 

CQjn  33  1  bacterium 

• 

10 

0/3 

• 

100 

0/3 

100O 

0/3 
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W!th  conjunctival  Inoculation  of  vaccinated  animal*  no  essential 
difference  appeared  In  the  effectiveness  of  vaccination  by  cutaneous, 
Intradermai,  or  subcutaneous  methods  with  strain  No.  15  vaccine.  In  \ 
an  experiment  with  vaccine  from  the  standard  strain  No.  53  and  from 
the  strain  passaged  through  guinea  pigs,  it  became  evident  that  the 
varying  effectiveness  was  dependent  on  the  immunogen lc i ty  of  the 
cultures,  and  not  on  the  method  of  vaccination  (Table  5). 

In  the  aerial  inoculation  of  vaccinated  guinea  pigs,  we  u3«q  a 
1  ml.  suspension  of  virulent  tularemia  culture  containing  250  million 
bacteria J  animals  were  exposed  to  the  infected  air  for  JO  seconds. 
Guinea  pigs  were  vaccinate;!  subcutuneously,  intradermai ly,  and 
cutaneously,  with  vaccine  from  stains  No,  15,  15/10,  53  and  53/10. 

In  these  experiments  (Table  6),  as  in  the  preceding,  nc  substantial 
difference  was  observed  between  vaccination  methods. 


Our  attention  was  drawn  by  the  fact  that  in  multiple  passage  of 
vaccine  strains  No.  15  and  53  (Tables  5  and  6)  through  guinea  pigs, 
their  immunogenic  properties  were  Increased.  Our  data  on  this  problem 
coincided  with  the  results  of  the  work  of  Kncl * yanovn  (195?)»  which 
established  the  possibility  of  Increasing  the  immunogen icity  of  strain 
No.  15  by  Its  passage  through  the -body  of  animals  highly  sensitive 
to  tularemia  and  by  selection  of  the  most  Immunogenic  cells.  The 
!  passage  of  tularemia  vaccine  strains  through  guinea  pigs  may  be  re¬ 
tarded  as  a  method  of  restoring  the  immunity  of  strains  In  which  It 
lias  decreased  while  being  preserved,  [begin  p.46) 


Table  5«  Resistance  of  guinea  pigs  vaccinated  by  various  methods  to 


Vaccine  strain 

No , 

Survival  of  animals  vaccinated  by  various  methods  j 

after  Inoculation  through  the  conjunctiva  | 

Subcutaneous, * 
10  nil  1  ion  i 

i n  trade rma i , 
10  million 

cutaneous, 

?.  billion 

15 

7/3 

8/8  | 

53 

7/8 

7/8 

6/8  1 

53/10 

0/8 

e/o 

e/8  | 

One  hundred  percent  of  the  control  animals,  non-vacc inn  ted ,  died 
upon  application  to  the  eye  of  one  drop  of  suspension  containing  l  ml. 
of  500  million  bacteria. 


Table  6.  Resistance  of  guinea  pigs  vaccinated  by  various  rr.etb.4ds 
to  ucrbal  "Infection; - -  - — 


Survival  of  animals  vaccinated  by  various  methods 
after  inoculation 


Vaccine  strain  i 
No, 

subcutaneous, 

|  10  mi  11  ion 

■ 

cutaneous, 

2  billion 

control 
non-vacc in- 
a  ted) 

'—ft 

97T3 

10/13 

f0/13 

1/7 

i5/io 

5/5 

5/J 

5/5 

o/4 

53 

i/8 

3/8 

4/e 

o/4 

53/10 

5/8 

5/3 

o'n 
,  »•  / 

1  n/l. 

1  V  •«* 
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Of  some  interest  are  the  experiments  on  aerial  Infection  of  guinea 
pigs  vaccinated  by  various  methods  ( subcutaneously,  lntredarmrsl  ly,  and 
cutaneously)  with  vaccine  from  a  mixture  of  the  passaged  strains.  In. 
these  experiments,  as  In  the  previous  ones,  we  were  not  successful  In  '■ 
finding  an  advantage  for  nny  one  particular  method  of  immunisation 
(Tntle  7).  /'nimal  survival  vus  dependent  on  the  Inoculum  dose:  vac¬ 
cinated  animals  Inoculated,  rego  rd  lev.s  of  the  vaccination  method, 
aerially  by  means  of  exposure  to  an  aerosol  suspension  of  virulent 
culture  for  10  seconds  survived  nt  the  rate  of  90-100#,  and  with  aer¬ 
osol  spraying  for  30  seconds,  in  70-O0,'>  of  the  cases. 

Table  7.  Tension  of  Immunity  It)  vaccinated  guinea  pigs  upon  aerial 


Vaccine 

Length  wf 
exposure 

[  Curvlval  of  guinea 

1  methods 

pigs  vaccinated  bj 

1 

/  various 

3  train 

( In  sec .) 

inocu lnt ion 
3uvcutnncous 

by  vnr 
lntra 

lous  doses 
dermal  cutaneous 

Control  — 
inoculatlo 

1 

million 

10 

million 

1 

million 

10 

mlllFn 

2  billion 
per  1  ml. 

of  non- 
vocclnated 
an Imal s • 

Mixture  of 

stra  Ins 

'  '10,  10/10, 

10 

9/10 

10/10 

9/10 

10/10 

10/10 

0/15 

and  53/10.  .  . 

30 

7/10 

•  l 

e/10 

7/10 

8/10  j 

|  7/10 

0/15 

Finally,  In  order  to  clarify  the  situation  with  regard  to  tension 
of  Immunity  relating  to  the  method  of  applying  vaccine  to  guinea  pigs 
vaccinated  subcutaneously  with  1  ml,  of  100,000,  1  million,  or  10 
million  bacteria,  and  cutaneous  iy  with  a  standard  dose,  a  subcutaneous 
injection  was  administered  Jj-6  months  after  vaccination.  The  vaccine 
used  consisted  of  a  mixture  of  the  four  strains,  Guinea  pigs  were  • 
Inoculated  With  n  virulent  culture  in  mass  doses  of  500-100  million 
Dim,  In  these  experiments,  the  animals  that  were  vaccinated  subcu¬ 
taneously  (10  million  bacteria)  and  cutaneously,  upon  subcutaneous 
Inoculation  with  10,000  Dim,  of  virulent  culture  U  months  after  vac¬ 
cination,  appeared  to  be  highly  resistant  and  survived  In  100#  of  the 
cases,  r«g-  rdless  of  the  method  of  v*cclnatlon(Table  0),  With  an 
increase  In  dosage  to  100,000  Dim,  and  higher,  or,  in  cases  where  they 
were  vaccinated  subcutaneously,  with  doses  of  less  than  10  million, 
the  number  of  vaccinated  animals  that  survived  was  decreased.  Inoc¬ 
ulations  hfter  6  months  indicated  that  the  degree  of  Immunity  tension 
was  substantially  reduced  in  guinea  pigs  that  were  vaccinated  either 
subcutaneously  or  cutaneously.  Thus,  the  guinea  pigs  vaccinated  with 
10  million  bacteria  or  cutaneously  with  a  standard  dose,  tolerated  onl; 
500  Din.  In  100#  of  the  cases,  while  after  inoculation  with  1,000  and 
10,000  Dim.  they  survived  In  75-80#  of  the  cases.  It  ehould  be  men¬ 
tioned  that  [Begin  p.U7)  guinea  pigs  vaccinated  subcutaneously  with 
doses  of  100,000  and  1  million  bacteria  appeared  to  be  of  low  resist¬ 
ance  to  Infection  after  months. 
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Thus*  comparative  study  of  the  subcutaneous  (dose  of  10  million) 
and  cutaneous  methods  of  vaccination  in  experiments  on  guinea  pigs 
inoculated  4-6  months  after  vaccination  has  shown  that  during  4  months  * 
the  animals  retained  resistance  to  infection  from  10,000  Dim.  of 
virulent  culture,  after  which  time  Immunity  tension  was  substantially 
reduced,  regardless  of  the  vaccination  method,  tut  vos  made  ajporent 
with  inoculation  of  5'  0  Dim. 


Conclusions 

.1.  In  a  co  >;.'«>  i  ntlvc  study  of  the  effectiveness  of  subcutaneous, 
cutaneous  ( try nsdermul)  methods  of  applying  live  tulercmla  vaccine  in 
experiments  on  white  nice  and  guinea  pigs  it  vni  established  that 
30  days  after  lnnun  lent  ion  of  the  nnnlmls,  regardless  oj  the  method 
of  vr.ee in;. t ion ,  immunity  van  .a. -parent  with  the  subcutaneous  and  con¬ 
junctival  inoculation,  and  also  with  uorini  inoculation. 

2.  Regardless  of  the  method  of  vaccination  with  live  vaccine 
from  a  mixture  of  strains,  guinea  pigs  developed  immunity  which,  4 
months  a/t.er  inoculation  of  the  vaccinated  animals,  prevented  In¬ 
fection  f rot  1  a  dose  of  1,000  Dlm.j  after  6  months  the  degree  of 
inanity  to  dosc3  of  1,000  Dim.  or  mure  of  virulent  culture  pas 
out.c  taut  la  1  ly  reduced  (7b  pore*  .it  '.urvlvol  of  animals). 

3.  The  degree  of  Irpiunity  tension  in  vr.ee  l  mi  ted  guinea  pigs 
war  dependent  on  the  quality  o\  the  vaccine  strain  used  in  preparing 
the  vaccine  and  on  the  dosage  ucod,  a;  d  not  primarily  on  the  Method 
of  vaccination, 

4.  The  cutaneous  method  cf  vaccination  is  no  less  effective 
than  other  nctlu.ds  in  all  conditions  of  inoculation  and  is,  moreover, 
simpler  in  co-parlson  with  the  subcutaneous  method. 
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